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ABSTRACT 

I n  o r d e r  t o  o p t i m i z e  l a u n c h  v e h i c l e  p a y l o a d  p e r f o r -  
mance o v e r  t h e  r a n g e  of a l t i t u d e s  o f  i n t e r e s t  t o  A A P  v i z .  
81  t o  260 nm, compute r  s i m u l a t i o n s  were made to d e t e r m i n e  t h e  
v a r i a t i o n  o f  t h e  o p t i m a l  s e c o n d - m i x t u r e - r a t i o  (MR)  s h i f t  t i m e  
w i t h  a l t i t u d e .  The o p t i m a l  d u r a t i o n  o f  t h e  second-MR b u r n  i s  
shown t o  d e c r e a s e  a l m o s t  l i n e a r l y  from 330 s e c o n d s  a t  81  x 8 1  nm 
t o  203  s e c o n d s  for c i r c u l a r  o r b i t s  of  260 nm. 

S i m u l a t i o n s  i n  t h i s  s t u d y  also p r o v i d e d  data  on t h e  
p a y l o a d  c a p a b i l i t y  o f  Vehic le -209  for c i r c u l a r  o r b i t s  r a n g i n g  
i n  a l t i t u d e s  f rom 81 t o  260  nm. MSFC's r e s t r i c t i o n  t h a t  t h e  
second-MR s h i f t  o c c u r  no  l a t e r  t h a n  280 s e c o n d s  a f t e r  S-IVB 
i g n i t i o n  r e q u i r e s  t h a t  a non-op t ima l  s h i f t  t i m e  be  u s e d  for 
c i r c u l a r  o r b i t s  below 148  nm, r e s u l t i n g  i n  a maximum loss o f  
1 0 0  pounds of  p a y l o a d  a t  8 1  nm. 

. .. . 
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I .  I n t r o d u c t i o n  

The v a r i a t i o n  of p a y l o a d  i n s e r t e d  i n t o  an 8 1  x 1 2 0  nm 
o r b i t  w i t h  r e s p e c t  t o  t h e  time of s e c o n d  m i x t u r e - r a t i o  ( M R )  s h i f t  
d u r i n g  t h e  powered f l i g h t  of  t h e  S-IVB s t a g e  has been  r e p o r t e d  
i n  R e f e r e n c e  1. It was shown t h a t  t h e  p a y l o a d  has a p a r a b o l i c  
dependence  on t h e  d u r a t i o n  of t h e  s e c o n d  MR b u r n ,  T 2 ,  r e a c h i n g  
a maximum a t  some c r i t i c a l  v a l u e  of  T 2 ,  s a y  T 2 .  These  r e s u l t s  
h a v e  been  e x t e n d e d  t o  i n c l u d e  t h e  v a r i a t i o n  of  T 2  w i t h  a l t i t u d e  
for a r a n g e  of  c i r c u l a r  o r b i t s  o f  i n t e r e s t  t o  A A P .  

n 
* 

11. V a r i a t i o n  o f  Op t ima l  MR-Shift Time w i t h  O r b i t a l  A l t i t u d e  

i s  d e t e r m i n e d  by  t h e  i n i t i a l  p r o p e l l a n t  l o a d i n g ,  i t  i s  d e s i r a b l e  
i n  m i s s i o n  a n a l y s i s  t o  a d j u s t  t h e  d u r a t i o n  of t h e  second-MR b u r n  
s o  t h a t  t h e  p a y l o a d  i s  maximized w i t h  r e s p e c t  t o  t h i s  p a r a m e t e r .  
Assuming t h a t  t h e  LOX t a n k s  a r e  f i l l e d  t o  c a p a c i t y  (190 ,220  pounds 
o f  L O X ) ,  t h e  v a r i o u s  LH2 l o a d i n g s  were computed t o  g i v e  d i f f e r e n t  
MR-shift  times ( c f .  R e f e r e n c e  1). 

S i n c e  t h e  s e c o n d  MR-shift t ime d u r i n g  t h e  S-IVB b u r n  

* 
Using  t h e s e  LH2 l o a d i n g s ,  s i m u l a t i o n s  t o  d e t e r m i n e  T2 

f o r  c i r c u l a r  o r b i t s  r a n g i n g  i n  a l t i t u d e  from 8 1  t o  260  nm were 
t h e n  made w i t h  t h e  BCMASP s i m u l a t o r  f o r  S a t u r n  I B  t r a j e c t o r i e s  
( R e f e r e n c e s  2 and 3 ) .  The o p t i m a l  d u r a t i o n  o f  t h e  second-MR 
burn i s  s e e n  i n  F i g u r e  1 t o  v a r y  a l m o s t  l i n e a r l y  f rom 330 s e c o n d s  
f o r  8 1  nm c i r c u l a r  o r b i t s  t o  2 0 1  s e c o n d s  f o r  c i r c u l a r  o r b i t s  of  
260  nm. 
p a y l o a d  p a r a b o l a  i s  r e l a t i v e l y  f l a t  i n  a n e i g h b o r h o o d  o f  T2 = T 2 ,  
The p a y l o a d  f a l l s  o f f  by no  more t h a n  1 0  pounds f o r  T2 w i t h i n  
- t 5  s e c o n d s  of  T 2 ,  s o  t h a t  t h e  p o i n t s  a l o n g  t h e  c u r v e  i n  F i g u r e  1 
s h o u l d  n o t  b e  i n t e r p r e t e d  as b e i n g  e x t r e m e l y  c r i t i c a l .  

In R e f e r e n c e  1 i t  was p o i n t e d  o u t  t h a t  t h e  T2-ve r sus -  
n 

* 
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MSFC's c o n s t r a i n t  t h a t  t h e  s e c o n d  m i x t u r e - r a t i o  s h i f t  
o c c u r  no  l a t e r  t h a n  280 seconds  a f t e r  S-IVB i g n i t i o n  (wh ich  i n -  
c l u d e s  a f i r s t  s h i f t  i n  t h e  m i x t u r e  r a t i o s  a t  1 . 3  s e c o n d s  a f t e r  
S-IVB i g n i t i o n ) ,  r e q u i r e s  t h a t  a l e s s - t h a n - o p t i m a l  v a l u e  o f  t h e  
MR-shif t  time b e  u s e d  f o r  a l t i t u d e s  below 148  nm as n o t e d  by  t h e  
d o t t e d  l i n e  i n  F i g u r e  1. 

111. P a y l o a d  C a p a b i l i t y  o f  Vehic le -209  f o r  C i r c u l a r  O r b i t s  

An added  bonus of t h e  s i m u l a t i o n s  d e s c r i b e d  i n  S e c t i o n  
I1 t o  d e t e r m i n e  T2 i s  da t a  on t h e  p a y l o a d  c a p a b i l i t y  o f  V e h i c l e -  
209 f o r  c i r c u l a r  o r b i t s  r a n g i n g  i n  a l t i t u d e s  f rom 8 1  to 260  nm. 
F i g u r e  2 g i v e s  t h e  v a r i a t i o n  i n  p a y l o a d  w i t h  a l t i t u d e  f o r  Vehi-  
c l e - 2 0 9 ,  where t h e  p a y l o a d  i s  o p t i m a l  w i t h  r e s p e c t  to t h e  second  
MR-shif t  t i m e  f o r  a g i v e n  a l t i t u d e .  The r e d u c t i o n  i n  p a y l o a d  f o r  
a l t i t u d e s  below 148  nm due t o  t h e  280-second l i m i t a t i o n  on t h e  
MR-shif t  t i m e  i s  i n d i c a t e d  b y  a d o t t e d  l i n e  i n  F i g u r e  3 ,  w i t h  a 
maximum loss of  a p p r o x i m a t e l y  1 0 0  pounds o c c u r r i n g  a t  8 1  nm. 

* 

T a b l e  I p r o v i d e s  a we igh t  summary of  Veh ic l e -209  ( i n  
a manned c o n f i g u r a t i o n )  w i t h  t h e  p r o p e l l a n t  l o a d i n g  a d j u s t e d  
f o r  a n  o p t i m a l  MR-shift t i m e  for i n s e r t i o n  i n t o  a 2 0 0  x 2 0 0  nm 
o r b i t ,  f o l l o w e d  by e n g i n e  pe r fo rmance  da ta  f o r  Veh ic l e -209  i n  
T a b l e  11. 

1025-IH-dcs I. H i r s c h  

A t t a c h m e n t s  
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TABLE I 

Summary of  Vehicle-209 Weights  ( i n  pounds)  
for I n s e r t i o n  i n t o  a 200 x 200 nm O r b i t  1 

6 2 , 8 0 3  I n s e r t i o n  Weight :  

32 ,662  - S p a c e c r a f t  
4 , 1 4 3  - I n s t r u m e n t  U n i t  

22 ,015  - S-IVB S t a g e ,  D r y  
1 ,500  - S-IVB F l i g h t  Pe r fo rmance  Reserve 

2 ,483  - S-IVB R e s i d u a l  P r o p e l l a n t  
P r o p e l l a n t  ( 1 , 2 5 0  L O X ,  250 LH2)  

235 ,797  S-IVB Consumed and J e t t i s o n e d  Weight :  

190 ,220  - S-IVB L O X  Consumed 
3 6 , 9 1 2  - S-IVB LH2 Consumed 

% 
(T2 = T2 = 239 s e c o n d s )  

8 ,450  - Launch Escape  System 
215 - S - I V B  U l l a g e  Rocket  Cases 

101 ,368  S-IB J e t t i s o n e d  Weight :  

6 , 5 1 4  - S-IVB/S-IB I n t e r s t a g e  
8 3 , 7 6 1  - S-IB S t a g e ,  Dry 
10 ,492  - S-IB F l i g h t  Per formance  Reserve 

and  R e s i d u a l  P r o p e l l a n t  
6 0 1  - Other  I tems 

8 8 8 , 5 4 3  S-IB Expended Weight a t  S e p a r a t i o n  : 

882,526 - S-IB P r o p e l l a n t  Consumed 
4 , 1 7 8  - S-IB T h r u s t  Decay P r o p e l l a n t  
1 , 0 0 0  - S - I B  Frost 

839 - Other  I t ems  ( I n c l u d e s  1 0 0  
Tounds S-IVB F r o s t )  

1 , 2 8 8 , 5 1 1  L i f t - o f f  N e i g h t  

'Based on d a t a  i n  R e f e r e n c e s  4 and 5 .  
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TABLE I1 

Engine  P e r f o r m a n c e  Data f o r  V e h i c l e - 2 0 9  2 

S-I€? S t a g e :  

Nominal Sea L e v e l  T h r u s t  ( p o u n d s )  

Xominal Weight Rate (pounds / second)  

Nominal Isp ( s e c o n d s )  

S-IVB Stage :  

M i x t u r e  R a t i o  I 5.0 

T h r u s t  (pounds )  

Isp ( s e c o n d s )  

Weight Rate (pounds /  
s e c o n d )  

D u r a t i o n  of  Burn 
( s e c o n d s )  

204,519 

428.3 

477.5 

1 . 3  

1 , 6 7 9 , 6 0 4 . 1  

6 ,415 .6  

261.8 

5.542 

230,519 

425.4 

541 .9  

239 .  

4 .702 

189 ,219  

429.7  

4 4 0 . 4  

220 .3  

*Based on da ta  i n  n o n - c l a s s i f i e d  s e c t i o n  of  R e f e r e n c e  6 
and  R e f e r e n c e  7 .  
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